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1
DISCHARGE CONTROLLER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/IP2011/074757, filed on Oct. 27, 2011,
claiming priority from Japanese Patent Application No. 2010-
287811, filed Dec. 24, 2010, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a discharge controller, a
discharge control method and a program for controlling dis-
charge of cells.

BACKGROUND ART

In recent years, in various fields, there have been growing
concerns about environmental problems.

With these concerns, in the field of electric power supply,
certain approaches to power supply such as photovoltaic (PV)
power generation and use of secondary cells used in electric
vehicles (EVs) and hybrid EVs (HEVs) have attracted atten-
tion. Lithium-ion secondary cells are considered promising in
such secondary cells. It is expected that lead storage cells will
be replaced with Lithium-ion secondary cells in response to
widespread use thereof in the future.

As arule, connecting an old cell (having a small discharge
capacity, a high degree of degradation) and a new cell (having
a larger discharge capacity, a low degree of degradation) in
parallel with each other should be avoided. This is for the
purpose of avoiding a cross current caused by a difference
between the voltages of the cells. A large cross current can
cause excess current or abnormal heat generation. The same
can be said with respect to the above-described secondary
cells.

In order to adjust the degrees of degradation of a plurality
of cells connected in parallel with each other, a system has
therefore been devised in which respective switches for mak-
ing connection/disconnection are provided for the plurality of
cells, and a switch that is provided only for the cell that has a
higher voltage than that of the other cells is connected (main-
tained in the on state) at the time of discharge until the dif-
ferences between the voltages of the cells become equal to or
smaller than a predetermined value (see, for example, Patent
Literature 1).

CITATION LIST
Patent Literature
Patent Literature 1: JP2009-033936A
SUMMARY OF INVENTION
Technical Problem
With the above-described system, however, a problem is
that it is necessary to calculate the differences between the
voltages of the cells.
An object of the present invention is to provide a discharge

controller, a discharge control method and a program as a
solution to the above-described problem.
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Solution to Problem

A discharge controller according to the present invention is
a discharge controller for controlling discharge of a plurality
of cells connected in parallel with each other, the controller
including:

a remaining capacity calculation section that calculates a
remaining capacity for each of the plurality of cells; and

a control section that, after starting discharge of'the plural-
ity of cells, compares the remaining capacities calculated by
the remaining capacity calculation section with a threshold
value set in advance, and stops discharge of the first cell
whose remaining capacity has become equal to the threshold
value.

A discharge control method according to the present inven-
tion is a discharge control method of controlling discharge of
a plurality of cells connected in parallel with each other, the
method including the steps of:

discharging the plurality of cells;

calculating a remaining capacity for each of the plurality of
cells;

comparing the calculated remaining capacities with a
threshold value set in advance, after starting discharge of the
plurality of cells; and

stopping, as a result of the comparison, discharge of one of
the cells whose remaining capacity is the first to become equal
to the threshold value.

A program according to the present invention is a program
for making a controller that controls discharge of a plurality
of cells connected in parallel with each other execute a pro-
cess that consists of the steps of:

discharging the plurality of cells;

calculating a remaining capacity for each of the plurality of
cells;

comparing the calculated remaining capacities with a
threshold value set in advance, after starting discharge of the
plurality of cells; and

stopping, as a result of the comparison, discharge the first
cell whose remaining capacity has become equal to the
threshold value.

Advantageous Effect of Invention

As described above, according to the present invention, the
battery life of a system including a plurality of cells can be
easily extended.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing an exemplary embodiment of
a discharge controller of the present invention.

FIG. 2 is a diagram showing an example of an internal
configuration of a remaining capacity calculation section
shown in FIG. 1.

FIG. 3 is a diagram showing an example of changes with
respect to time in the value of voltage across a cell shown in
FIG. 1 measured by a voltmeter when the cell is discharged.

FIG. 4 is a diagram showing an example of a threshold
value stored in a storage section shown in FIG. 1.

FIG. 5 is a flowchart for explaining a discharge control
method in the exemplary embodiment shown in FIG. 1.

FIG. 6 is a diagram showing an example of flags stored in
the storage section shown in FIG. 1.

FIG. 7 is a flowchart for explaining an example of a dis-
charge control method using flags such as shown in FIG. 6 in
the exemplary embodiment shown in FIG. 1.
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FIG. 8 is a flowchart for explaining another example of the
discharge control method using flags such as shown in FIG. 6
in the exemplary embodiment shown in FIG. 1.

FIG. 9 is a graph showing an example of changes in the
remaining capacity of cells with respect to time as the cell is
discharged according to the present invention.

DESCRIPTION OF EMBODIMENT

In recent years, a “degradation region” in which degrada-
tion of a lithium-ion cell is promoted in an intermediate
region of the lithium-ion cell (the region from the upper limit
to the lower limit of the discharge capacity in which the cell
can supply power) has been discovered. Such a degradation
region is noticeably recognized in lithium-ion cells with man-
ganese-based positive electrodes in particular. Data that has
been collected indicates that passage through the degradation
region promotes degradation of a cell when the cell is dis-
charged and discharge capacity remaining in the cell is being
reduced.

In the present invention, this degradation region is utilized
when the degrees of degradation of a plurality of cells are
adjusted to each other in order to extend the battery life of the
system.

An exemplary embodiment will be described below with
reference to the drawings.

FIG. 1 is a diagram showing an exemplary embodiment of
a discharge controller of the present invention.

As shown in FIG. 1, the present exemplary embodiment
includes discharge controller 100, cells 300-1 and 300-2,
switches 400-1 and 400-2, output terminal (positive) 500 and
output terminal (negative) 501.

Cells 300-1 and 300-2 are lithium-ion cells connected in
parallel. Negative electrode sides of cells 300-1 and 300-2 are
connected to output terminal (negative) 501. Positive elec-
trode sides of cells 300-1 and 300-2 are connected to switches
400-1 and 400-2, respectively. The number of cells connected
in parallel is not limited to two.

Switches 400-1 and 400-2 are switches to be closed/
opened to establish or break connections between cells 300-1
and 300-2 and output terminal (positive) 500 for externally
discharging from cells 300-1 and 300-2. This opening/closing
is controlled by discharge controller 100. The number of
switches is the same as the number of cells.

Discharge controller 100 controls discharge of cells 300-1
and 300-2 by controlling opening/closing of switches 400-1
and 400-2 based on remaining capacities of cells 300-1 and
300-2.

In discharge controller 100, remaining capacity calculation
section 110, storage section 120 and control section 130 are
provided, as shown in FIG. 1.

Remaining capacity calculation section 110 calculates
remaining capacities of cells 300-1 and 300-2. Remaining
capacity calculation section 110 also calculates as remaining
capacities the values of voltages across cells 300-1 and 300-2.
Strictly speaking, in the case of using the voltage value as a
remaining capacity as described above, the present resistance
value is calculated from the present current and voltage val-
ues, and a voltage value estimated based on them by an open
voltage method is calculated as the remaining capacity.

FIG. 2 is a diagram showing an example of an internal
configuration of remaining capacity calculation section 110
shown in FIG. 1.

In remaining capacity calculation section 110 shown in
FIG. 1, voltmeters 111-1 and 111-2 are provided, as shown in
FIG. 2.
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Voltmeter 111-1 measures the voltage across cell 300-1.
Voltmeter 111-1 also outputs the measured value of voltage
across cell 300-1 to control section 130.

Voltmeter 111-2 measures the voltage across cell 300-2.
Voltmeter 111-2 also outputs the measured value of voltage
across cell 300-2 to control section 130.

A method of calculating, when cells 300-1 and 300-2
shown in FIG. 1 are discharged, remaining cell capacities,
with respect to time, based upon changes in the values of
voltages across cells 300-1 and 300-2 respectively measured
by voltmeters 111-1 and 111-2 will be described. Description
will be made hereinbelow by way of example to a method of
calculating a remaining cell capacity, with respect to time,
based upon a change in the value of voltage across cell 300-1
measured by voltmeter 111-1 when cell 300-1 is discharged.
A method of calculating a remaining cell capacity, with
respect to time, based upon a change in the value of voltage
across cell 300-2 measured by voltmeter 111-2 when cell
300-2 is discharged is the same as the method of calculation
with respect to cell 300-1.

FIG. 3 is a diagram showing an example of changes with
respect to time in the value of voltage across cell 300-1
measured by voltmeter 111-1 when cell 300-1 shown in FIG.
1 is discharged.

As shown in FIG. 3, the value of voltage across cell 300-1
measured by voltmeter 111-1 (“actual discharge voltage”
indicated by the solid line in FIG. 3) is lower than the actual
capacity-dependent voltage indicated by the broken line
because an external impedance, which is an external cause
that is separate from the internal impedance of cell 300-1, is
added as a causal resistance value (impedance) to the internal
impedance of cell 300-1.

Therefore, the voltage value is estimated (corrected) by
using the above-mentioned open voltage method.

“A” shown in FIG. 3 denotes a time at which discharge
starts (point A), and “E” shown in FIG. 3 denotes a time at
which discharge ends (point E). Point B is a point one second
after point A, and point C is a point nine seconds after point B.

A one-second average impedance between point A and
point B is first calculated. Since the time period from point A
to point B is one second, the impedance calculated at one
point (point A) is the one-second average impedance between
point A and point B. The calculated impedance is expressed as
“a Q7. This impedance “a Q” is the sum of the internal
impedance of the above-described cell 300-1 and the other
external impedance.

A one-second-average impedance between point B and
point C is thereafter calculated. Since the time period from
point B to point C is nine seconds, impedance calculation is
performed nine times at intervals of one second to obtain a
one-second average value. The calculated impedance is
expressed as “b €”. This impedance “b Q” is the internal
impedance of the above-described cell 300-1.

Therefore, ¢ €2, which is the external impedance, can be
calculated by subtracting b Q from a Q (a-b=c).

Thereafter, with approach to discharge end point E, a one-
second-average impedance for one second (between point D
and point F) and a one-second-average impedance for nine
seconds (between point F and point G) are also calculated.

At point E, impedance is calculated from the value of
voltage across cell 300-1 measured by voltmeter 111-1. A
voltage at point F can be obtained by adding a voltage drop
corresponding to b €2 from the calculated impedance at point
E.

Subsequently, the actual capacity-dependent voltage (re-
maining capacity) can be calculated by adding the external
impedance ¢ €2 to the average value of the one-second-aver-
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age impedance between point D and point F (1D Q) and the
one-second-average impedance between point F and point G
(9D Q), and by multiplying the value obtained by this addi-
tion by the current value (I). That is, if the remaining capacity
is CAPV, the following equation holds:

CAPV=((1D+9D)/2+c)xL.

Ifthe value of the external impedance ¢ Q is set in advance, it
also may be used. Remaining capacity calculation section 110
may calculate remaining capacities of cells 300-1 and 300-2
in this way.

A different method of calculating the remaining capacity
of a cell is also conceivable. The above-described method is
not exclusively used. For example, remaining capacity calcu-
lation section 110 may measure currents flowing from cells
300-1 and 300-2 and the respective time from a start of
discharge from cells 300-1 and 300-2 and calculate remaining
capacities by subtracting the measured currents multiplied by
the respective time from the full-charge capacities of cells
300-1 and 300-2.

Storage section 120 stores a threshold value set in advance.

The threshold value stored in storage section 120 is a value
larger by a predetermined value than the value at the upper
side (upper limit) of the above-described “degradation
region”. That s, this threshold value is stored as a value on the
verge of the “degradation region”.

FIG. 4 is a diagram showing an example of the threshold
value stored in storage section 120 shown in FIG. 1.

As shown in FIG. 4, the threshold value is stored in storage
section 120 shown in FIG. 1.

For example, 2.4 V is stored as the threshold value (capac-
ity), as shown in FIG. 4. This indicates that when the voltage
value of the cell, or the remaining capacity of the cell, reaches
2.4V, it also reaches a value on the verge of the degradation
region.

Control section 130 reads out the threshold value stored in
storage section 120 after starting discharge of cells 300-1 and
300-2, and compares the read threshold value with the voltage
values output from voltmeters 111-1 and 111-2 as remaining
capacities of cells 300-1 and 300-2. Control section 130 stops
discharge of the first cell from cells 300-1 and 300-2 whose
voltage value becomes equal to the threshold value. At this
time, control section 130 continues discharge of the other of
cells 300-1 and 300-2 whose voltage value has not become
equal to the threshold value.

For example, when the voltage value of cell 300-1 first
becomes equal to the threshold value after control section 130
has started discharge by closing switches 400-1 and 400-2,
control section 130 sets switch 400-1 in the open state while
maintaining switch 400-2 in the closed state.

When the voltage value of cell 300-2 first becomes equal to
the threshold value after control section 130 has started dis-
charge by closing switches 400-1 and 400-2, control section
130 sets switch 400-2 in the open state while maintaining
switch 400-1 in the closed state.

Control section 130 may operate cells 300-1 and 300-2 in
an ordinary two-cell parallel operation manner or may per-
form rotation discharge of cells 300-1 and 300-2 in a state
where discharge of each cell is being continued. Specifically,
in such a case, control section 130 may alternately perform
opening/closing of switches 400-1 and 400-2. In a case where
discharge of one of the cells has been stopped, control section
130 may operate in an ordinary parallel operation manner the
cells other than the one not being discharged or may perform
rotation discharge of the cells other than the one not being
discharged.
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6

Thus, control section 130 controls discharge and non-dis-
charge of cells 300-1 and 300-2 by opening/closing switches
400-1 and 400-2.

A discharge control method in the exemplary embodiment
shown in FIG. 1 will be described below.

FIG. 5is aflowchart showing a discharge control method in
the exemplary embodiment shown in FIG. 1.

First, in step 1, the two-cell operation (discharge) of cells
300-1 and 300-2 is started.

When discharge is started, measurement of the respective
values of voltages across cells 300-1 and 300-2 by voltmeters
111-1 and 111-2 is started.

Thereafter, in step 2, control section 130 determines
whether or not the voltage value of one of the cells measured
by voltmeter 111-1 or 111-2 is equal to the threshold value
stored in storage section 120.

This determination is made based on the result of compari-
son between the voltage value measured by voltmeter 111-1
or 111-2 and the threshold value stored in storage section 120.
This voltage value may be a value calculated by using the
above-described open voltage method.

For example, in a case where a threshold value (2.4 V) such
as shown in FIG. 4 is stored in storage section 120, if the
voltage value measured by voltmeter 111-1 is 2.4 V while the
voltage value measured by voltmeter 111-2 is 2.5 V, control
section 130 determines that the voltage value of cell 300-1
measured by voltmeter 111-1 is equal to the threshold value.

If control section 130 does not determine in step 2 that the
voltage value of one of the cells is equal to the threshold value,
that is, each of the remaining capacities of cells 300-1 and
300-2 is larger than the threshold value, discharge of cells
300-1 and 300-2 is continued.

On the other hand, if control section 130 determines in step
2 that the voltage value of one of the cells is equal to the
threshold value, it determines in step 3 whether or not that
determination is the first one after the start of discharge. This
determination as to whether or not that determination is the
first one may be made by holding information indicating
whether or not that determination was made after the start of
discharge, and by referring to the information.

If that determination is the first one after the start of dis-
charge, control section 130 stops, in step 4, discharge of the
cell whose voltage value was determined to be equal to the
threshold value in step 2, and discharge of only the other cell
is performed. Control section 130 performs this discharge
control by using opening/closing of switches 400-1 and 400-
2, as described above.

If the result of determination in step 3 is that the determi-
nation is not the first one after the start of discharge, the
process ends. That is, discharge of the cell presently being
discharged is continued.

In the above-described example (the case where cell 300-1
is the cell whose voltage value became equal to the threshold
value), control section 130 sets switch 400-1 in the open state.
As aresult, cell 300-1 that is connected to switch 400-1 is not
discharged thereafter. On the other hand, control section 130
maintains switch 400-2 in the closed (connected) state. Dis-
charge of cell 300-2 that is connected to switch 400-2 is
continued thereby.

The voltage value of cell 300-2 measured by voltmeter
111-2 thereafter becomes equal to the threshold value stored
in storage section 120. In this case, since this event is not “the
first” after the start of discharge, discharge of cell 300-2 is not
stopped.

A flag may be used for determination as to whether or not
the event is “the first”.
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FIG. 6 is a diagram showing an example of flags stored in
storage section 120 shown in FIG. 1.

In storage section 120 shown in FIG. 1, the above-de-
scribed threshold value and flags corresponding to cells 300-1
and 300-2 are stored, as shown in FIG. 6. Each flag indicates
whether or not discharge has been stopped. For example, the
flag may indicate that discharge is not stopped (discharge is
being continued) when it is “0”, and may indicate that dis-
charge has been stopped (discharge is not being performed)
when it is “1”.

When the flag corresponding to cell 300-1 is “0”, it indi-
cates that discharge of cell 300-1 is not stopped (discharge is
being continued), as shown in FIG. 6. Also, when the flag
corresponding to cell 300-2 is “0”, it indicates that discharge
of cell 300-2 is not stopped (discharge is being continued).

A discharge control method using flags such as shown in
FIG. 6 in the exemplary embodiment shown in FIG. 1 will be
described below.

FIG. 7 is a flowchart for explaining an example of a dis-
charge control method using flags such as shown in FIG. 6 in
the exemplary embodiment shown in FIG. 1.

First, in step 11, the two-cell operation (discharge) of cells
300-1 and 300-2 is started.

Simultaneously, in step 12, control section 130 resets all
the flags stored in storage section 120. In this resetting, con-
trol section 130 rewrites the flags to “0”. That is, the flags are
rewritten so as to indicate that “discharge is not stopped
(discharge is being continued)”.

When discharge is started, measurement of the respective
values of voltages across cells 300-1 and 300-2 by voltmeters
111-1 and 111-2 is started.

Thereafter, control section 130 determines in step 13
whether or not the voltage value of one of the cells measured
by voltmeter 111-1 or 111-2 is equal to the threshold value
stored in storage section 120.

This determination is made based on the result of compari-
son between the voltage value measured by voltmeter 111-1
or 111-2 and the threshold value stored in storage section 120.
This voltage value may be a value calculated by using the
above-described open voltage method.

For example, in a case where a threshold value (2.4 V) such
as shown in FIG. 4 is stored in storage section 120, if the
voltage value measured by voltmeter 111-1 is 2.4 V while the
voltage value measured by voltmeter 111-2 is 2.5 V, control
section 130 determines that the voltage value of cell 300-1
measured by voltmeter 111-1 is equal to the threshold value.

If control section 130 does not determine in step 13 that the
voltage value of one of the cells is equal to the threshold value,
that is, each of the remaining capacities of cells 300-1 and
300-2 is larger than the threshold value, discharge of cells
300-1 and 300-2 is continued.

On the other hand, if control section 130 determines in step
13 that the voltage value of one of the cells is equal to the
threshold value, it determines in step 14 whether or not all the
flags stored in storage section 120 are “0”.

If all the flags stored in storage section 120 are “0”, control
section 130 stops, in step 15, discharge of the cell determined
to have the voltage value equal to the threshold value in step
13, and discharge of only the other cell is performed. Control
section 130 performs this discharge control by using opening/
closing of switches 400-1 and 400-2, as described above.

In step 16, control section 130 rewrites from “0” to “1” the
flag associated in storage section 120 with the cell the dis-
charge of which has been stopped.

On the other hand, in step 14, if not all the flags stored in
storage section 120 are “0”, the process ends. That is, dis-
charge of the cell presently being discharged is continued.
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Inthe above-described example, (the case where cell 300-1
is the cell whose voltage value became equal to the threshold
value), control section 130 sets switch 400-1 in the open state.
As aresult, cell 300-1 that is connected to switch 400-1 is not
discharged thereafter. On the other hand, control section 130
maintains switch 400-2 in the closed (connected) state. Dis-
charge of cell 300-2 that is connected to switch 400-2 is
continued thereby.

The voltage value of cell 300-2 measured by voltmeter
111-2 thereafter becomes equal to the threshold value stored
in storage section 120. Since not all the flags stored in storage
section 120 are “0” at this time, discharge of cell 300-2 is not
stopped.

The order of the above-described processings in step 13
and step 14 may be reversed.

FIG. 8 is a flowchart for explaining another example of the
discharge control method using flags such as shown in FIG. 6
in the exemplary embodiment shown in FIG. 1.

First, in step 21, the two-cell operation (discharge) of cells
300-1 and 300-2 is started.

Simultaneously, in step 22, control section 130 resets all
the flags stored in storage section 120. In this resetting, con-
trol section 130 rewrites the flags to “0”. That is, the flags are
rewritten so as to indicate that “discharge is not stopped
(discharge is being continued)”.

When discharge is started, measurement of the values of
voltages across cells 300-1 and 300-2 by voltmeters 111-1
and 111-2 is started.

Thereafter, control section 130 determines in step 23
whether or not all the flags stored in storage section 120 are
“0”.

If all the flags stored in storage section 120 are “0”, control
section 130 determines in step 24 whether or not the voltage
value of one of the cells measured by voltmeter 111-1 or
111-2 is equal to the threshold value stored in storage section
120.

If control section 130 does not determine in step 24 that the
voltage value of one of the cells is equal to the threshold value,
that is, each of the remaining capacities of cells 300-1 and
300-2 is larger than the threshold value, discharge of cells
300-1 and 300-2 is continued.

On the other hand, if control section 130 determines in step
24 that the voltage value of one of the cells is equal to the
threshold value, it stops discharge of the cell in step 25, and
discharge of only the other cell is performed. Control section
130 performs this discharge control by using opening/closing
of switches 400-1 and 400-2, as described above.

In step 26, control section 130 rewrites from “0” to “1” the
flag associated in storage section 120 with the cell the dis-
charge of which has been stopped.

On the other hand, in step 23, if not all the flags stored in
storage section 120 are “0”, the process ends. That is, dis-
charge of the cell presently being discharged is continued.

Inthe above-described example, (the case where cell 300-1
is the cell whose voltage value became equal to the threshold
value), control section 130 sets switch 400-1 in the open state.
As a result, cell 300-1 connected to switch 400-1 is not
discharged thereafter. On the other hand, control section 130
maintains switch 400-2 in the closed (connected) state. Dis-
charge of cell 300-2 connected to switch 400-2 is continued
thereby.

The voltage value of cell 300-2 measured by voltmeter
111-2 thereafter becomes equal to the threshold value stored
in storage section 120. Since not all the flags stored in storage
section 120 are “0” at this time, discharge of cell 300-2 is not
stopped.
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FIG. 9 is a graph showing an example of changes in
remaining capacity of cells with respect to time as the cell is
discharged according to the present invention. A case where
three cells A, B, and C are operated in parallel will be
described below by way of example. Also, a case where the
decreasing order of the degrees of degradation of the cells is
the order of cell A, cell B and cell C will be described by way
of example.

As shown in FIG. 9, after a start of discharge of cells A, B,
and C, the operation of cell A having the highest degree of
degradation first reaches the upper limit of the degradation
region. Therefore, discharge of cell A is stopped.

Thereafter, the operations of cells B and C having degrees
of degradation lower than that of cell A also reach the degra-
dation region. However, these are not “the first” and, there-
fore, the same states of discharge of cells B and C are main-
tained.

As described above, discharge of one of a plurality of cells
first having a remaining capacity value on the verge of the
degradation region after a start of discharge of the cells is
stopped, while discharge of the other cells is continued, thus
enabling reducing the degradation of the cell having the high-
est degree of degradation while promoting the degradation of
the other cells. In this way, the degrees of degradation of the
cells can be made even. As a result, the battery life of the
system can be easily extended. This effect is particularly high
when discharge control is performed on lithium-ion cells with
manganese-based positive poles in which the degradation
region is noticeably recognized.

Easily understandable numeric values including capacities
have been used in the above text or the drawings for ease of
description. Not all of them are the same as the actual values.

Processing operations performed by the components pro-
vided in the above-described discharge controller 100 may be
performed by logic circuits made according to the respective
purposes. Also, a program in which details of the processing
operations are described as process steps may be recorded on
arecording medium readable in discharge controller 100, and
the program recorded on this recording medium may be read
by discharge controller 100 to be executed. “Recording
medium readable in discharge controller 100 denotes a
removable recording medium such as a floppy (trademark)
disk, a magneto-optical disk, a DVD or a CD, or a memory
such as a ROM ora RAM, an HDD or the like incorporated in
discharge controller 100. The program recorded on this
recording medium is read by a CPU (not shown in the draw-
ings) provided in discharge controller 100 and processing
operations similar to those described above are performed
under the control of the CPU. The CPU operates as a com-
puter to execute the program read from the recording medium
on which the program is recorded.

The invention ofthe present application has been described
by referring to the exemplary embodiment. However, the
invention of the present application is not limited to the
above-described exemplary embodiment. Various changes
and modifications understandable by those skilled in the art
can be made to the configuration and details of the invention
of'the present application within the scope of the invention of
the present application.

This application is based upon and claims the benefit of
priority from prior Japanese Application No. 2010-287811
filed on Dec. 24, 2010, the entire contents of which are incor-
porated herein by reference.

The invention claimed is:

1. A discharge controller for controlling discharge of a
plurality of cells connected in parallel with each other, the
controller comprising:

10

a remaining capacity calculation section that calculates a
remaining capacity for each of the plurality of cells; and

a control section that, after starting discharge of'the plural-
ity of cells, compares the remaining capacities calcu-
lated by said remaining capacity calculation section with
a threshold value set in advance, and stops discharge of
the first cell whose remaining capacity has become equal
to the threshold value, and continues discharge of the
other cells whose remaining capacity has become equal
to the threshold value.

2. The discharge controller according to claim 1, wherein
said remaining capacity calculation section measures the
voltages of the cells and uses the measured voltages as the
remaining capacities.

10
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3. The discharge controller according to claim 1, further

comprising a storage section that stores the threshold value in
advance,

wherein said control section reads out the threshold value
stored in said storage section and makes comparison
between the threshold value and the remaining capaci-
ties.

20

4. The discharge controller according to claim 1, wherein
said control section controls discharge and non-discharge of
the plurality of cells by opening/closing a plurality of
switches for establishing or breaking connection between
each of the plurality of cells and an output terminal through
which cells are externally discharged.

25

5. The discharge controller according to claim 1, wherein
said control section performs sequential discharging of the
cells other than the cell which is in a rest state after being
discharged, the rest state is a state in which the discharge has
been stopped.

30

6. The discharge controller according to claim 3, wherein
said storage section stores flags respectively for the plurality
of'the cells, each flag indicating whether or not the cell is not
being discharged, and

35

wherein said control section rewrites, at the start of dis-
charge, all the flags so as to indicate that the cell is being
discharged, makes comparison when each of the flags
indicates that the cell is being discharged, and, when
stopping discharge of the first cell whose remaining
capacity has become equal to the threshold value,
rewrites the flag corresponding to the one of the cells so
as to indicate that the cell is not being discharged.

40

45

7. A discharge control method of controlling discharge of a
plurality of cells connected in parallel with each other, the

method comprising:
> discharging the plurality of cells;

calculating a remaining capacity for each of the plurality of
cells;

comparing the calculated remaining capacities with a
threshold value set in advance, after starting discharge of
the plurality of cells;

stopping, as a result of the comparison, discharge of the
first cell whose remaining capacity has become equal to
the threshold value; and

continuing, as a result of the comparison, discharge of the
other cells whose remaining capacity has become equal
to the threshold value.

8. The discharge control method according to claim 7,
wherein said calculating includes measuring the voltages of
the cells and using the measured voltages as the remaining
capacities.

55
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9. The discharge control method according to claim 7,
further comprising performing sequential discharging of the
cells other than the cell which is in a rest state after being
discharged, the rest state is a state in which the discharge has
been stopped. 5
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